Mechanistic insights into the enzymatic activity and inhibition of the replicative polymerase exonuclease domain from Mycobacterium tuberculosis.
DNA replication fidelity maintains low mutation rates in bacteria. The ε-subunit of a replisome generally acts as the main proofreader during replication, using its 3'-5' exonuclease activity to excise misincorporated bases thereby maintaining faithful replication. In Mycobacterium tuberculosis (Mtb), however, the polymerase and histidinol phosphatase (PHP) domain of the DNA polymerase DnaE1 is the primary proofreader. This domain thus maintains low mutation rates during replication and is an attractive target for drug development. Even though the structures of DnaE polymerases are available from various organisms, including Mtb, the mechanism of exonuclease activity remains elusive. In this study, we sought to unravel the mechanism and also to identify scaffolds that can specifically inhibit the exonuclease activity. To gain insight into the mode of action, we also characterized the PHP domain of the Mtb error-prone polymerase DnaE2 which shares a nearly identical active site with DnaE1-PHP. Kinetic and mutational studies allowed us to identify the critical residue involved in catalysis. Combined inhibition and computational studies also revealed a specific mode of inhibition of DnaE1-PHP by nucleoside diphosphates. Thus, this study lays the foundation for the rational design of novel inhibitors which target the Mtb replicative proofreader.